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Description 

This invention relates a liquid catalyst compo- 
nent, a catalyst system containing said catalyst 
component for copolymerization of ethylene with a- 
olefins and a process for producing ethylene-a- 
olefin copolymers using said catalyst system, and 
more particularly to a process for producing eth- 
ylene-a-olefin copolymers excellent in structural 
randomness, weather resistance, color protection, 
corrosion resistance, low temperature property and 
dynamic property by the use of said novel catalyst 
system. 

As a general process for producing ethylene-a- 
olefin copolymers, the process using a catalyst 
consisting of a compound of a transition metal 
belonging to Group IV to VI of the periodic table 
and an organometallic compound of a metal be- 
longing to Group I to ill of the periodic table, i.e. 
the so-called Ziegler-Natta catalyst, is widely 
known. 

On the other hand, ethylene-a-olefin 
copolymers are requested to have a narrow com- 
position distribution from the viewpoint of practical 
properties. Thus, in the industry, they are produced 
by the use of a catalyst system consisting of a 
vanadium compound such as VCI 3 , VOCI 3 and VO- 
(OR) 3 and an alkylaluminum halide such as 
EtaAlzClg. 

However, although the ethylene-o-olefin 
copolymers produced with the above-mentioned 
catalyst system are narrow in composition distribu- 
tion, the process is low in productivity because the 
catalyst has a low polymerization activity at high 
temperatures. Further, this process has problems 
that the residual vanadium and chlorine cause col- 
oration of the resulting polymer, deteriorate its 
weather resistance and promote its corrosion. Ac- 
cordingly, ashes must be thoroughly eliminated 
from the polymer in order to prevent these prob- 
lems. 

Further, the process using the above men- 
tioned catalyst system is disadvantageous in that, if 
ethylene and higher a-olefin are copolymerized 
with the catalyst system, the resulting copolymer is 
very low in molecular weight and cannot have a 
satisfactory mechanical strength, and in addition 
catalyst activity is very low. 

In view of the above-mentioned circumstances, 
a process using a catalyst system consisting of a 
titanium compound or a zirconium compound and 
an aluminum compound has been disclosed, and 
recently a process using a catalyst system consist- 
ing of a titanium compound or a zirconium com- 
pound and aluminoxane has been proposed. 

However, the ethylene-a-olefin copolymers pro- 
duced with these catalyst systems have a low 
molecular weight, and they cannot be said to be 



satisfactory from the viewpoint of practical prop- 
erties. 

On the other hand, as a process for poly- 
merizing or copolymerizing olefins by the use of a 
5 catalyst system consisting of a compound having 
titanium-nitrogen bond and an organoaluminum 
compound, there have been disclosed a process 
for polymerizing ethylene with a catalyst system 
consisting of an organoaluminum compound and a 
10 solid component prepared by supporting a titanium 
amide compound or an alkali metal salt of titanium 
amide compound on magnesium halide (DE-A- 
2,030,753). a process for copolymerizing ethylene 
and a-olefin with a catalyst system consisting of 
75 aluminoxane and a titanium amide compound hav- 
ing w-allyl ligand (JP-A-62-121708), a process for 
. polymerizing ethylene or copolymerizing ethylene 
and or-olefin with a catalyst system consisting of a 
titanium diphenylamide compound and an or- 
20 ganoaluminum compound (EP-A-0 1 04 374), a pro- 
cess for polymerizing a-olefin or copolymerizing 
ethylene and a-olefin with a catalyst system con- 
sisting of a titanium amide compound having an 
aryl substituent and an organoaluminum compound 
25 (JP-B-42-22691), a process for homopolymerizing 
ethylene or a-olefin or copolymerizing ethylene and 
a-o!efin with a catalyst system consisting of an 
organoaluminum compound and a lower alkyl 
group-containing titanium amide compound such 
30 as diethylamido-titanium trichloride [JP-B-41-5379; 
J. Polymer Sci., Part A-t, 241, 6 (1968)], and a 
process for polymerizing ethylene with a catalyst 
system consisting of tetrakisdiphenylamido-titanium 
and an organoaluminum compound (JP-B-42- 
35 11646). 

However, when applied to the copolymerization 
of ethylene and a-olefin, all the catalyst systems 
disclosed in the above-mentioned references are 
disadvantageous in the following points. Thus, the 
40 process of DE-A-2,030,753 is disadvantageous in 
that the resulting ethylene-a-olefin copolymer has a 
broad composition distribution; the process of JP- 
A-62-121708 is disadvantageous in that the result- 
ing copolymer has a low molecular weight; and the 
45 processes of EP-A-0 104 374, JP-B-41-5379, JP-B- 
42-22691 and J. Polymer Sci., Part A-1, 241, 6 
(1968) are disadvantageous in that composition dis- 
tribution of the resulting copolymer is yet unsatis- 
factory in narrowness. Further, the process of JP- 
so B-42-1 1646 is disadvantageous in that the resulting 
copolymer is yet unsatisfactory in narrowness of 
composition distribution and the catalyst is insuffi- 
cient in activity. 

EP-A-0 271 874 discloses a process for pro- 
55 ducing crystalline vinyl aromatic polymers having a 
predominantly syndiotactic structure using a cata- 
lyst system comprising the product of the reaction 
between a titanium compound containing at least 
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one Ti-N bond, and an organoaluminium compound 
containing at least one oxygen atom, bound to one 
aluminium atom or located between two aluminium 
atoms. 

In the above-mentioned situation, the object of 5 
this invention is to provide a process for producing 
an ethylene-a-olefin copolymer having a narrow 
composition distribution and a high molecular 
weight and improved in weather resistance, color 
protection, corrosion resistance and low tempera- w 
ture property by the use of a novel catalyst sys- 
tem. 

• According to this invention, there is provided a 
liquid catalyst component comprising: 

a liquid catalyst component comprising a ts 
titanium compound represented by the following 
general formula: 

(R 1 R 2 N)4-( m+n) TiX ni Y ft 

20 

wherein R 1 and R 2 each represents a saturated 
hydrocarbon group having 8 to 30 carbon atoms, X 
represents a halogen, Y represents an alkoxy 
group, m represents a number satisfying 1£mS3, n 
represents a number satisfying 0£n£2, and (m + n) 25 
satisfies 1£(m + n)£3; 

a catalyst system for copolymerization of ethylene 
with a-olefin comprising: 

(A) the above-mentioned liquid catalyst compo- 
nent and 30 

(B) an organoaluminum compound; 

as well as a process for producing an ethylene-a- 
olefin copolymer (hereinafter simply referred to as 
"copolymer") which comprises copolymerizing eth- 
ylene with an a-olefin by using said catalyst sys- 35 
tern. 

Owing to the use of the catalyst system of this 
invention, it becomes possible to produce an eth- 
ylene-a-olefin copolymer excellent in structural ran- 
domness, and an ethylene-a-olefin copolymer ex- 40 
cellent in weather resistance, corrosion resistance, 
transparency, unstickiness and dynamic properties 
can be provided. 

Figure 1 is an infrared absorption spectral chart 
of a copolymer obtained in Example 1 of this 45 
invention; Figures 2 to 4 are infrared absorption 
spectral charts of copolymers obtained according 
to prior technique in Comparative Examples 1, 3 
and 5; and Figure 5 is a flow chart diagram for 
facilitating to understand this invention which ex- 50 
presses a non-limitative typical example of the em- 
bodiment of this invention. 

(a) Liquid catalyst component (A) used in this 
invention is a secondary amide group-containing 
titanium compound represented by the following 55 
general formula: 

(R 1 R2N) 4 . lrn+t ,,TiX m Y n 



wherein R 1 and R 2 , which may be identical or 
different from each other, each represents a 
saturated hydrocarbon group having 8 to 30 
carbon atoms, X represents a halogen, Y repre- 
sents an alkoxy group, m represents a number 
satisfying 1£m£3, n represents a number sat- 
isfying 0Sn*2, and (m + n) satisfies 1£(m + n)£3. 

If R 1 and R 2 each represents an unsaturated 
hydrocarbon group, the composition distribution 
of the resulting copolymer is broad. In this in- 
vention, therefore, saturated hydrocarbon groups 
are used as R 1 and R 2 . Among the saturated 
hydrocarbon groups, aliphatic hydrocarbon 
groups having 8 to 30 carbon atoms are prefer- 
able, and straight chain aliphatic saturated hy-* 
drocarbon groups having 8 to 30 carbon atoms 
are particularly preferable because, as the car- 
bon chain becomes closer to a straight chain, 
the titanium compound becomes liquid state and 
composition distribution of the resulting 
copolymer becomes narrower. As examples of 
the halogen represented by X in the general 
formula, chlorine, bromine and iodine can be 
referred to, among which chlorine is most pref- 
erable from the viewpoint of catalyst activity. 

As examples of the alkoxy group, methoxy, 
ethoxy, propoxy, butoxy and 2-ethylhexyloxy 
can be referred to. There is no limitation from 
the viewpoint of catalyst performance. 

If (m + n) in the general formula is greater 
than 3, free TiCU exists in the titanium com- 
pound which broadens composition distribution 
of the resulting copolymer. If (m + n) is smaller 
than 1, catalyst activity is low. Accordingly, 
titanium compounds of which (m + n) satisfies 
1£(m + n)£3 are used in this invention. 

Concrete examples of preferable titanium 
compounds include titanium trichloride dioc- 
tylamido, titanium dichloride bis(dioctylamido). 
titanium chloride tris(dioctylamido), titanium tri- 
chloride didecylamido, titanium dichloride bis- 
(didecylamido), titanium chloride tris- 
(didecylamido), titanium trichloride dioc- 
tadecylamido, titanium dichloride bis- 
(dioctadecylamido), titanium chloride tris- 
(dioctadecylamido), titanium dichloride dioc- 
tylamido ethoxide, titanium butoxide dichloride 
dioctylamido, titanium dichloride dioctylamido 
hexyloxide, titanium dichloride dioctylamido 2- 
ethylhexyloxide, titanium dichloride dioctylamido 
decyloxide, titanium dichloride didecylamido 
ethoxide, titanium dichloride didecylamido hex- 
yloxide, titanium dichloride didecylamido 2- 
ethylhexyloxide, titanium dichloride dioc- 
tadecylamido ethoxide, titanium dichloride dioc- 
tadecylamido 2-ethylhexyloxide, titanium chlo- 
ride bis (dioctylamido) hexyloxide. titanium chlo- 
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ride bis(dioctylamido) 2-ethylhexyloxide, titanium 
chloride bis(dioctylamido) decyloxide, titanium 
chloride bis(didecylamido) hexyloxide. titanium 
chloride bis(didecylamido) 2-ethylhexyloxide and 
titanium chloride bis(didecylamido) decyloxide. 5 

Among the above, more preferable titanium 
compounds are titanium trichloride dioctylamido, 
titanium dichloride bis(dioctylamido), titanium tri- 
chloride didecylamido, titanium dichloride bis- 
(didecylamido), titanium trichloride dioc- 10 
tadecylamido and titanium dichloride bis- 
(dioctadecylamido). 

As the method for synthesizing such secon- 
dary amide group-containing titanium com- 
pounds, the methods mentioned in JP-B-41- is 
5397; JP-B-42-11646; H. Buger et ah: J. Or- 
ganomet. Chem. 108 (1976), 69-84; and H.Buger 
et ah: J. Organomet. Chem. 20 (1969), 129-139 
can be used. 

In this invention, the above-mentioned sec- 20 
ondary amide group-containing titanium com- . 
pounds are preferably synthesized according to 
the methods as mentioned above in the follow- 
ing manner: 

(i) A secondary amine compound represented 25 
by the general formula R 5 R 6 NH (wherein R 5 

and R 6 each represents a saturated hydrocar- 
bon group having 8 to 30 carbon atoms, 
preferably an aliphatic saturated hydrocarbon 
group having 8 to 30 carbon atoms, more 30 
preferably a straight chain aliphatic hydrocar- 
bon group having 8 to 30 carbon atoms in 
view of liquefaction of the formed titanium 
compound) is allowed to react with 

(ii) an alkyl alkali metal compound repre- 35 
sented by the general formula R 7 M (wherein 

R 7 represents a hydrocarbon group having 1 
to 30 carbon atoms and M represents an 
alkali metal such as Li and K) to synthesize 
an amide compound of alkali metal, 40 

(iii) and then the amide compound of alkali 
metal is allowed to react with a titanium 
tetrahalide represented by the general for- 
mula TIX* (wherein X represents a halogen, 
preferably chlorine, bromine or iodine among 45 
which chlorine is preferable). 

(b) The organoaluminum compound used in this 
invention as catalyst component (B) is selected 
from known organoaluminum compounds. 

As its preferable examples, organoaluminum so 
compounds represented by general formula 
R 3 a AIM 3 _ a and chain-like or cyclic aluminoxanes 
represented by general formula 



can be referred to. 

In these formulas, R 3 and R 4 are hydrocar- 
bon groups having 1 to 8 carbon atoms, and 
they may be identical or different from each 
other; M is hydrogen atom and/or alkoxy group; 
a is a number satisfying 0<a£3, and 1 is an 
integer of 1 or greater. 

Concrete examples of the organoaluminum 
compound represented by general formula 
R 3 a AIM 3 _ B include trialkylaluminums such as 
triethylaluminum, triethylaluminum, 
tripropylaluminum, triisobutylaluminum and 
trihexylaluminum; dialkylaluminum hydrides 
such as dimethylaluminum hydride, 
diethylaluminum hydride, dipropylaluminum 
hydride, diisobutylaluminum hydride and dihex- 
ylaluminum hydride; alkylaluminum alkoxides^ 
such as dimethylaluminum methoxide, 
methylaluminum dimethoxide, diethylaluminum 
methoxide, ethylaluminum dimethoxide, 
diisobutylaluminum methoxide, 
isobutylaluminum dimethoxide, dihexylaluminum 
methoxide, hexylaluminum dimethoxide, 
dimethylaluminum ethoxide, methylaluminum 
diethoxide, diethylaluminum ethoxide, 
ethylaluminum diethoxide, diisobutylaluminum 
ethoxide and isobutylaluminum diethoxide. 

Concrete examples of the aluminoxane re- 
presented by general formula 



•£ Al(R4)-0^y 



55 



include tetramethyldialuminoxane, tetraethyl- 
dialuminoxane, tetrabutyldialuminoxane, 
tetrahexyldialuminoxane, methylaluminoxane, 
ethylaluminoxane, butylaluminoxane and hex- 
ylaluminoxane . The amount of component (B) 
can be widely varied in the range of 1 to 
100,000 moles per one mole of titanium atom in 
component (A). Preferably, however, component 
(B) is used in an amount ranging from 1 to 
10,000 moles and more preferably from 1 to 
5,000 moles, per one mole of titanium atom in 
component (A). 

(c) The monomers constituting a copolymer in 
this invention are ethylene and at least one kind 
of a-olefin(s). 

Concrete examples of said a-olefin include 
propylene, butene-1, pentene-1, hexene-1, 4- 
methylpentene-1 , octene-1, decene-1, oc- 
tadecene-1 and eicosene-1. 

In addition to the above-mentioned mon- 
omers, a non-conjugated diene may additionally 
be copolymerized for the purpose of improving 
the vulcanizability of copolymer. Concrete exam- 
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pies of said non-conjugated diene include 
dicyclopentadiene, tricyclopentadiene, 5-methyl- 
2,5-norbornadiene, 5-methylene-2-norbomene, 
5-ethylidene-2-norbornene, 5-isopropenyl-2 nor- 
bornene, 5-(2'-butenyl)-2-norbornene, 1 ,5,9- 
cyclododecatriene, 6-methyl-4,7,8,9- 
tetrahydroindene, trans-1 ,2-divinylcyclobutane, 
1 ,4-hexadiene, 4-methyl-1 ,4-hexadiene, 1 ,3-hex- 
adiene, 1 ,6-octadiene and 6-ethyl-1 ,5-hep- 
tadiene. 

This invention is not limited by the com- 
pounds mentioned above. 

The copolymer of this invention can have a 
density so widely ranging as from 0.85 to 0.95 
(g/cm 3 ). From the viewpoint of flexibility at low 
temperatures, however, density of the 
copolymer is preferably 0.85 to 0.94, more pref- 
erably 0.85 to 0.92, and particularly preferably 
0.85 to 0.90. Further, it is preferably a rubber- 
like random copolymer having a narrow com- 
position distribution of which infrared absorption 
spectrum shows no absorption of 730 cm"" 1 as- 
signable to ethylene crystal chain at all. 

Further, the copolymer may involve two or 
more kinds of a-olefins and two or more kinds of 
. non-conjugated dienes. 

(d) The method for supplying the catalyst com- 
ponents into the polymerization reactor is not 
critical, provided that the catalyst components 
must be supplied in a moisture-free state in an 
inert gas such as nitrogen or argon. Catalyst 
components (A) and (B) may be supplied either 
separately or after a previous mutual contact. 
The polymerization can be practised at a tem- 
perature ranging from -30 *C to 300 'C. However, 
the polymerization temperature is preferably -10 *C 
to 200 "C and particularly preferably 20 *C to 
150* C. 

Although pressure of the polymerization is not 
critical, a pressure of about 3 atmospheres to about 
1,500 atmospheres is preferred from the industrial 
and economical points of view. 

As the mode of polymerization, both continu- 
ous and batch systems can be adopted. Further, a 
slurry polymerization using an inert hydrocarbon 
solvent such as propane, butane, pentane, hexane, 
heptane or octane, a liquid phase polymerization 
using no solvent, and a gas phase polymerization 
are all adoptable, too. 

Further, a chain transfer agent such as hy- 
drogen and the like may be added for the purpose 
of regulating the molecular weight of the copolymer 
of this invention. 

Next, this invention will be explained in more 
detail by way of the following examples and com- 
parative examples. 

The a-olefin content, iodine number, glass tran- 
sition point and intrinsic viscosity mentioned in the 



examples were measured by the following meth- 
ods. 

Thus, a-olefin content was determined from the 
characteristic absorption of ethylene and a-olefin 
5 by the use of infrared spectrophotometer JASCO- 
302 manufactured by Nippon Bunko Kogyo K. K. 

Iodine number was determined from the char- 
acteristic absorption of diene by the use of the 
same infrared spectrophotometer as above. 
70 Glass transition point (T g ) was measured by 
differential scanning calorimeter (SSC-5000 DSC- 
100, manufactured by Seiko Denshi Kogyo K. K.). 

Intrinsic viscosity fo] was measured in tetralin * 
solution at 135 • C with Ubbellohde viscometer. 
75 Density was measured according to JIS K- 

6760. 

In the examples and comparative examples 
presented below, randomness in the sequence of 
ethylene and a-olefin, i.e. the narrowness in the 

20 composition distribution, in copolymer was evalu- 
ated based on the existence of 730 cm -1 peak 
(absorption due to crystalline polyethylene) in in- 
frared absorption spectrum. That is, when the ab- 
sorption at 730 cm" 1 was observable clearly or as 

25 a shoulder in the infrared absorption spectrum of 
copolymer, the composition distribution was taken 
as broad. When the absorption was not noticeable 
at all, the composition distribution was taken as 
narrow. 

30 

Example 1 

(I) Synthesis of Secondary Amino Group-Contain- 
ing Titanium Compound (A) 

35 

After replacing the inner atmosphere of a 300 
ml flask equipped with a stirrer, a dropping funnel 
and a thermometer with argon gas, 3.0 ml (20 
millimoles) of dioctylamine and 50 ml of hexane 

40 were charged. 

Then, 12.6 ml (20 millimoles) of butyllithium 
diluted with hexane was dropped from the dropping 
funnel over a period of 30 minutes, while keeping 
the inner temperature of the flask at 5*C. After 

45 dropping it, the mixture was additionally reacted at 
5 • C for 2 hours and then at 30 • C for 2 hours. 

Subsequently, 2.2 ml (20 millimoles) of TiCU 
diluted with hexane was dropped from the dropping 
funnel into the reacted mixture over a period of 30 

50 minutes, while keeping the inner temperature of the 
flask at 5 * C. After dropping it, the resulting mixture 
was additionally reacted at 5 ' C for one hour and 
then at 30 *C for 2 hours. Thus, 20 millimoles 
(because the yield could be regarded as 100%) of 

55 a titanium compound represented by composition 
formula (CeHi7) 2 NTiCI 3 was obtained. 
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(II) Copolymerization of Ethylene and Propylene 

After replacing the inner atmosphere of a 300 
ml flask equipped with a stirrer, a reflux condenser, 
a gas blowing tube and a thermometer with argon 
gas, 200 ml of n-heptane and 1.2 ml (5.0 mil- 
limoles) of triisobutylaluminum were charged. Then, 
a gas mixture of ethylene (C2') and propylene (C 3 ') 
[composition of gas phase (hereinafter, all ex- 
pressed in terms of ratio by volume) CV/Ca' = 2/8] 
was blown into the solution through the blowing 
tube till a saturation was reached. Then, 0.25 mil- 
limole of the titanium compound obtained in (I) was 
added to start a polymerization. 

After continuing the polymerization for one 
hour while supplying the gas mixture at a constant 
temperature of 30 * C, 20 ml of ethanol was added 
to stop the polymerization. 

The resulting polymer was washed three times 
with each 1,000 ml portion of a mixture consisting 
of 950 ml of ethanol and 50 ml of 1N hydrochloric 
acid and then dried in vacuum to obtain 2.2 g of an 
ethylene-propylene copolymer (hereinafter referred 
to as "EP copolymer"). The catalyst activity per 
one mole of titanium atom (hereinafter, simply re- 
ferred to as "activity") was 8.8 x 10 3 g/mol Ti. 

Figure 1 illustrates an infrared absorption spec- 
trum of the polymer thus formed. In Figure 1, no 
absorption at 730 cm -1 due to crystalline chain of 
ethylene (hereinafter, referred to as "IR7ao") was 
observed, demonstrating that the polymer was a 
copolymer having a narrow composition distribu- 
tion. In the copolymer, content (% by weight) of 
ethylene (hereinafter, simply referred to as "eth- 
ylene content") was 62.1%. Its intrinsic viscosity 
(hereinafter, simply referred to as h]) was 2.5, 
density (g/cm 3 ) (hereinafter, simply referred to as 
"d") was 0.879. and its glass transition point (T g ) 
was -59.0 • C. 

Example 2 

A copolymerization of ethylene and propylene 
was carried out in. the same manner as in Example 
1 (II), except that composition of gas mixture 
C 2 7C 3 ' was equal to 5/5 and 0.5 millimoles of 
(C 8 Hi 7 )2NTiCl3 was used. As the result, 8.1 g of an 
EP copolymer was obtained. 

Activity was 1.6 x 10* g/mole Ti. The 
copolymer thus formed showed no IR730. dem- 
onstrating that it was a copolymer having a narrow 
composition distribution. Ethylene content was 
74.3%, = 4.4, d = 0.873, and T 0 = -59.1 *C. 

Example 3 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 



1 (II), except that the (CsHirfeNTiCla as replaced 
with 0.44 millimole of a titanium compoud having a 
composition formula [(CsH^NtTiCfe. As the re- 
sult, 2.64 g of an EP copolymer was obtained. 
5 Activity was 6.0 x 10 3 g/mole Ti. The 

copolymer thus formed showed no IR73D, dem- 
onstrating that it was a copolymer having a narrow 
composition distribution. Ethylene content was 
51.4%, fo] = 5.4, d = 0.873, and T g = -59.0 'C. 

70 

Example 4 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 

rs 3, except that the triisobutylaluminum was replaced 
with 5 ml of n-heptane of isobutylaluminum 
dimethoxide (5.0 millimoles) and 0.15 millimoles of 
(C 8 Hi7)2NTiCI 3 was used. As the result, 3.6 g of an 
EP copolymer was obtained. Activity was 2.4 x 10* 

20 g/mole Ti. The copolymer thus formed showed no 
IR730, demonstrating that it was a copolymer hav- 
ing a narrow composition distribution. Ethylene 
content was 48.6%, fo] = 4.2, d = 0.867, and T g 
= -59.0 -C. 

25 

Example 5 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 

so 1 (II). except that the (CsH^hNTiCIa was replaced 
with 0.44 millimole of a titanium compound having 
a composition formula [(CsH^feNtTiCb and 
C 2 7C 3 ' was equal to 5/5. As the result, 7.8 g of an 
EP copolymer was obtained- Activity was 1.8 x 10* 

35 g/mole Ti. The copolymer thus formed showed no 
IR7301 demonstrating that it was a copolymer hav- 
ing a narrow composition distribution. Ethylene 
content was 74.3%, fo] = 4.7, d = 0.901, and T fl 
--69.1-C. 

40 

Example 6 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 

46 1 (II), except that the (CgHirfeNTiCIa was replaced 
with 0.5 millimole of a titanium compound having a 
composition formula (Ci 0 H2i) 2 NTiCl3. As the re- 
sult, 4.5 g of an EP copolymer was obtained. 
Activity was 8.9 x 10 3 g/mole Ti. The copolymer 

50 thus formed showed no IR73D, demonstrating that it 
was a copolymer having a narrow composition dis- 
tribution. Ethylene content was 72.6% fo] = 2.6, d 
= 0.870, and T 0 = -59.1 ■ C. 



A copolymerization or ethylene and propylene 
was carried out in the same manner as in Example 



55 Example 7 
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1 (II), except that the (CaH^feNTiCb was replaced 
with 0.5 millimofe of a titanium compound having 
the following composition formula: 

(Cb Hi 7 ) 2 NTi[OCH 2 CH(C2 H 5 )C* H 9 )Ch 5 

As the result, 3.4 g of an EP copolymer was 
obtained. Activity was 6.8 x 10 3 g/mole Ti. The 
copolymer thus formed showed no IR730, dem- 
onstrating that it was a copolymer having a narrow 70 
composition distribution. Ethylene content was 
54.7%, [,] = 2.4, d = 0.865, and T 0 = -59.0 'C. 

Comparative Example 1 

75 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 
1 (II), except that the (CjHwfeNTiCb was replaced 
with 0.25 millimole of TiCU. As the resuft, 1.2 g of 
an EP copolymer was obtained. Activity was 4.5 x 20 
10 3 g/mole Ti. Figure 2 illustrates an infrared ab- 
sorption spectrum of the copolymer thus formed. In 
Figure 2, IR730 due to crystalline ethylene chain is 
clearly observed, demonstrating that the copolymer 
had a broad composition distribution. Ethylene con- 25 
tent was 62.5%, and foj was 2.7. 

Comparative Example 2 

A copolymerization of ethylene and propylene 30 
was carried out in the same manner as in Example 
1 (11), except that the (C B H 17 ) 2 NTiCl3 was replaced 
with 0.015 millimole of a titanium compound having 
composition formula (CsHs^TiCb 
(Titanocenedichloride, Cp2TiCI 2 ) and the 35 
triisobutylaluminum was replaced with 
methylaluminoxane (0.3 millimole) in 5 ml of 
toluene. As the result, 0.6 g of an EP copolymer 
was obtained. Activity was 1.2 x 10 4 g/mole Ti. 
Although the polymer obtained herein showed no 40 
IRjao, its [n\ was as low as 0.3. Ethylene content 
was 60.1%. 

Comparative Example 3 

45 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 
1 (II), except that the (CaH^feNTiCIs was replaced 
with 0.05 millimole of a titanium compound having 
composition formula (C B Hs) 2 NTiCI 3 . As the result, 50 
1.6 g of an EP copolymer was obtained. Activity 
was 3.2 x 10* g/mole Ti. Figure 3 illustrates an 
infrared absorption spectrum of the copolymer thus 
obtained. In Figure 3, IR730 due to crystalline eth- 
ylene chain is somewhat clearly observed, dem- 55 
onstrating that the polymer had a broad composi- 
tion distribution. Ethylene content was 59.0%, and 
[ij] was 2.8. 



Comparative Example 4 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 
1 (II), except that the (CsHufeNTiCIs was replaced 
with 0.58 millimole of a titanium compound having 
composition formula 



CH 3 




As the result, 6.8 g of an EP copolymer was 
obtained. Activity was 1.2 x 10 4 g/mole Ti. The 
copolymer thus obtained showed IR 7 3o, demon- 
strating that it had a broad composition distribution. 
Ethylene content was 57.0%, and was 4.8. 

Comparative Example 5 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 
1 (II), except that the (CeH^kNTiCb was replaced 
with 0.55 millimole of a titanium compound having 
composition formula (C2Hs) 2 NTiC!3. As the result, 
5.5 g of an EP copolymer was obtained. Activity 
was 9.9 x ID 3 g/mole Ti. Figure 4 illustrates an 
infrared absorption spectrum of the copolymer thus 
obtained. In Figure 4, IR 730 due to crystalline eth- 
ylene chain is observed as a shoulder, demonstrat- 
ing that it is a copolymer having a broad composi- 
tion distribution. Ethylene content was 37.9%, fo] 
= 4.7, and d - 0.862. 

Comparative Example 6 

A copolymerization of ethylene and propylene 
was carried out in the same manner as in Example 
1 (II), except that the (C 8 H 17 ) 2 NTiCl3 was replaced 
with 0.5 millimole of a titanium compound having 
composition formula (i-CtHg^NTiCla. As the result, 
10.5 g of an EP copolymer was obtained. Activity 
was 2.1 x 10* g/mole Ti. In its infrared absorption 
spectrum, the copolymer thus obtained showed 
IR730 as a shoulder, demonstrating that it was a 
copolymer having a broad composition distribution. 
Ethylene content was 71.0%, faj = 2.6, and d = 
0.865. 



13 



EP 0 349 886 B1 



14 



Example 8 

(III) Copolymerization of Ethylene, Propylene and 
Non-conjugated Diene 

After replacing the inner atmosphere of a 300 
ml flask equipped with a stirrer, a reflux condenser, 
a gas blowing tube and a thermometer with argon 
gas, 200 ml of heptane and 1 .2 ml (5 millimoles) of 
triisobutylaluminum were charged. Then, after 
charging 12.4 ml (100 millimoles) of dicyclopen- 
tadiene as a non-conjugated diene, a gas mixture 
of ethylene and propylene (gas phase composition 
being C 2 7C 3 ' = 2/8) was introduced into the solu- 
tion through the blowing tube until a saturation was 
reached. Then, 0.19 millimole of the titanium com- 
pound having the composition formula (CaHi 7 )- 
2 NTiCI 3 prepared in Example 1 (I) was added to 
start a polymerization. 

Subsequently, the polymerization was contin- 
ued for one hour at a constant temperature of 
30 * C, while supplying the same gas mixture as 
above, after which 20 ml of ethanol was added to 
stop the polymerization. 

The resulting copolymer was washed three 
times with each 1,000 ml portion of a mixture 
consisting of 950 ml of ethanol and 50 ml of 1N 
hydrochloric acid and dried in vacuum. Thus, 1.2 g 
of a rubbery ethylene-propylene-diene copolymer 
was obtained. Activity was 6.3 x 10 3 g/mole Ti. 

The copolymer thus obtained showed no IFbao- 
content of this rubbery copolymer was 62.1%. its 
iodine number was 16.2, [17] was 3.0, and d was 
0.900. 

Example 9 

A copolymerization of ethylene, propylene and 
non-conjugated diene was carried out in the same 
manner as in Example 8, except that 13.5 ml (100 
millimoles) of 5-ethylidene-2-norbornene was used 
as a non-conjugated diene and 0.25 millimole of 
the titanium compound having the composition for- 
mula (CsHuhNTiCfo prepared in Example 1 (I) 
was added to start a polymerization. As the result, 
1.5 g of a rubbery ethylene-propylene-diene 
copolymer was obtained. Activity was 6.0 x 10 3 
g/mole Ti. The copolymer thus obtained showed no 
IR730. Ethylene content was 75.5%, iodine number 
was 12.1, fo] = 3.8, and d = 0.875. 

Example 10 

A copolymerization of ethylene, propylene and 
non-conjugated diene was carried out in the same 
manner as in Example 8, except that 1.2 ml (10 
millimoles) of 1 ,5-hexadiene was used as a non- 
conjugated diene and 0.19 millimole of the titanium 



compound having the composition formula (CaH 17 )- 
2NTiCb was used. As the result, 2.8 g of a rubbery 
ethylene-propylene-diene copolymer was obtained. 
Activity was 1.5 x 10* g/mole Ti. The copolymer 
5 thus obtained showed no IR730. Ethylene content 
was 53.0%, iodine number was 8.1, fo] = 3.1, and 
d = 0.902. 

Example 11 

(IV) Copolymerization of Ethylene and Butene-1 

After replacing the inner atmosphere of a 300 
ml flask equipped with a stirrer, a reflux condenser, 

75 a gas blowing tube and a thermometer with argon 
gas, 200 ml of heptane and 1.2 ml (5.0 millimoles) 
of triisobutylaluminum were charged. Then, a gas 
mixture of ethylene (C 2 ') and butene-1 ((V) (gas 
phase composition being C2VC4.' = 1/8) was intro- 

20 duced into the solution through the blowing tube 
until a saturation was reached, after which 0.24 
millimole of the titanium compound having com- 
position formula (C 8 Hi 7 )2NTiCI 3 prepared in Exam- 
ple 1 . (I) was added to start a polymerization. 

25 Subsequently, the polymerization was contin- 

ued for one hour at a constant temperature of 
30 *C. while supplying the gas mixture, and then 
20 ml of ethanol was added to stop the polymeriza- 
tion. 

30 The resulting polymer was washed three times 

with each 1 ,000 ml portion of a mixture consisting 
of 950 ml of ethanol and 50 ml of 1N hydrochloric 
acid and then dried in vacuum to obtain 2.1 g of a 
rubbery ethylene-butene-1 copolymer. Activity was 

35 8.8 x 10 3 g/mole TI. The copolymer thus obtained 
showed no IR730, demonstrating that it was a 
copolymer having a narrow composition distribu- 
tion. Ethylene content of this rubbery copolymer 
was 60.5%, fo] was 3.7, d = 0.865. and T g = 

40 -69.7 -C. 

Example 12 Copolymerization of Ethylene and De- 
cene-1 

.45 After replacing the inner atmosphere of a 300 

ml flask equipped with a stirrer, a reflux condenser, 
a gas blowing tube and a thermometer with argon 
gas, 200 ml of decene-1 and 1.2 ml (5.0 millimoles) 
of triisobutylaluminum were charged. Then, eth- 

50 ylene gas was introduced into the solution through 
the blowing tube until a saturation was reached, 
after which 0.025 millimole of the titanium com- 
pound having composition formula (CsH^kNTiCIa 
prepared in Example 1 (I) was added to start a 

55 polymerization. 

Subsequently, the polymerization was contin- 
ued for one hour at a constant temperature of 
30 'C. while supplying ethylene gas, and then 20 
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ml of ethanol was added to stop the reaction. 

The resulting polymer was washed three times 
with each 1 ,000 ml portion of a mixture consisting 
of 950 ml of ethanol and 50 ml of 1N hydrochloric 
acid and then dried in vacuum to obtain 1 .87 g of a 5 
rubbery ethylene-decene-1 copolymer. Activity was 
7.5 x 10* g/mole Ti. The polymer thus obtained 
showed no IR730, demonstrating that it was a 
copolymer having a narrow composition distribu- 
tion. The ethylene content was 67.7%, fa] was 3.7, 10 
d = 0.854, and T g = -69.5 'C. 

Example 13 Copolymerization of Ethylene, Decene- 
1 and Non-conjugated Diene 

75 

After replacing the inner atmosphere of a 300 
ml flask equipped with a stirrer, a reflux condenser, 
a gas blowing tube and a thermometer with argon 
gas, 50 ml of decene-1, 1.23 ml (10 millimoles) of 
dicyclopentadiene and 1.2 ml {5.0 millimoles) of 20 
triisobutylaluminum were charged. Then, ethylene 
gas was introduced into the solution through the 
blowing tube until a saturation was reached, after 
which 0.025 millimole of a titanium compound hav- 
ing composition formula (CeHw^NTiCIa prepared 25 
in Example 1 (I) was added to start a polymeriza- 
tion. 

Subsequently, the polymerization was contin- 
ued for one hour at a constant temperature of 
30* C, while supplying ethylene gas, and then 20 30 
ml of ethanol was added to stop the polymeriza- 
tion. 

The resulting polymer was washed three times 
with each 1 ,000 ml portion of mixture consisting of 
950 ml of ethanol and 50 ml of 1N hydrochloric .35 
acid and then dried in vacuum to obtain 1.13 g of a 
rubbery ethylene-decene-1 -dicyclopentadiene 
copolymer. Activity was 4.5 x 10* g/mole Ti. 

The copolymer thus obtained showed no IR7 30 , 
demonstrating that it was a copolymer having a 40 
narrow composition distribution. The ethylene con- 
tent was 48.4%, and iodine number was 6.2, fa] = 
5.15, and d ■= 0.869. 

Claims 45 
Claims for the following Contracting States : 
BE, DE, FR, GB, IT, NL 

1. A liquid catalyst component comprising a 

titanium compound represented by the general so 
formula 

(R'R 2 N) 4 - (n *n)TiX m Y n . 

wherein R 1 and R 2 each represents a saturated 55 
hydrocarbon group having 8 to 30 carbon 
atoms, X represents a halogen, Y represents 
an alkoxy group, m represents a number sat- 



isfying 1Sm£3, n represents a number satisfy- 
ing 0SnS2, and (m + n) satisfies 1£<m + n)£3. 

2. A liquid catalyst component according to Claim 
1, wherein the saturated hydrocarbon group 
having 8 to 30 carbon atoms is an aliphatic 
saturated hydrocarbon group having 8 to 30 
carbon atoms. 



3. A liquid catalyst component according to Claim 
2, wherein the aliphatic saturated hydrocarbon 
group having 8 to 30 carbon atoms is a 
straight chain aliphatic saturated hydrocarbon 
group having 8 to 30 carbon atoms. 

4. A catalyst system for polymerization compris- 
ing 

(A) a liquid catalyst component according to 
any one of claims 1 to 3, and 

(B) an organoaluminum compound. 

5. A catalyst system according to Claim 4, 
wherein the organoaluminum compound (B) is 
an organoaluminum compound represented by 
the general formula R 3 a AIM 3 _ a , or a chain-like 
or cyclic aluminoxane having a structure repre- 
sented by the general formula 



Al(R4 )-0^y 



wherein R 3 and R* each represents a hy- 
drocarbon group having 1 to 8 carbon atoms, 
M represents hydrogen and/or an alkoxy 
group, a represents a number satisfying 
0<a£3, and L represents an integer of 1 or 



6. A catalyst system according to Claim 5, 
wherein the organoaluminum compound repre- 
sented by the general formula R 3 aAIM 3 _ a is a 
trialkylaluminum, dialkylaluminum hydride or 
alkylaluminum alkoxide. 

7. A catalyst system according to Claim 5, 
wherein the aluminoxane represented by the 
general formula 



£ AKR«)-0^J 



is tetramethyldialuminoxane, tetraethyl- 
dialuminoxane, tetrabutyldialuminoxane, 
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tetrahexyldialuminoxane, methylaluminoxane, 
ethylaluminoxane, butylalumlnoxane or hex- 
ylaluminoxane. 

8. A catalyst system according to Claim 4, 5 
wherein the amount of component (B) is 1 to 
100,000 moles per one mole of titanium atom 

in component (A). 

9. A process for producing an ethylene-a-olefin io 
copolymer which comprises copolymerizing 
ethylene with an a-olefin by using a catalyst 
system according to any one of claims 4 to 8, 
wherein the catalyst components are supplied 

in a moisture-free state and in an inert gas. 15 

10. A process for producing an ethylene-a-olefin 
copolymer according to Claim 9, wherein said 
ethylene-a-olefin copolymer has a density of 
0.85 to 0.95 (g/cm 3 ). 20 

Claims for the following Contracting State : ES 

1. A process for preparing a liquid catalyst com- 
ponent comprising a titanium compound repre- 25 
sented by the general formula 

{R'R2N) 4 - (ni+n ,TiX m Y n 

wherein R 1 and R 2 each represents a saturated so 
hydrocarbon group having 8 to 30 carbon 
atoms, X represents a halogen, Y represents 
an alkoxy group, m represents a number sat- 
isfying l:Sm£3, n represents a number satisfy- 
ing 0£ruS2. and (m + n) satisfies l£(m + n)- as 
£3which comprises 

(i) reacting a secondary amine compound, 
represented by the general formula 
R 1 R 2 NH, wherein R 1 and R 2 each has the 
above meaning, with 40 

(ii) an alkyl alkali metal compound repre- 
sented by the general formula R 7 M, wherein 
R 7 represents a hydrocarbon group having 
1 to 30 carbon atoms and M represents an 
alkali metaJ, to synthesize an amide com- 45 
pound of an alkali metal, 

(iii) and then reacting the amide compound 
of the alkali metal with a titanium tetrahalide 
represented by the general formula TiX*, 
wherein X has the above meaning. 50 

2. A process according to Claim 1, wherein the 
saturated hydrocarbon group having 8 to 30 
carbon atoms is an aliphatic saturated hydro- 
carbon group having 8 to 30 carbon atoms. 55 

3. A process according to Claim 2, wherein the 
aliphatic saturated hydrocarbon group having 8 



4. 



to 30 carbon atoms is a straight chain aliphatic 
saturated hydrocarbon group having 8 to 30 
carbon atoms. 

A catalyst system for polymerization compris- 
ing 

(A) a liquid catalyst component according to 
any one of claims 1 to 3, and 

(B) an organoaluminum compound. 

A catalyst system according to Claim 4, 
wherein the organoaluminum compound (B) is 
an organoaluminum compound represented by 
the general formula R 3 aAIM 3 - ai or a chain-like 
or cyclic aluminoxane having a structure repre- 
sented by the general formula 



£ Al(R«)-<>Jy 



wherein R 3 and R* each represents a hy- 
drocarbon group having 1 to 8 carbon atoms, 
M represents hydrogen and/or an alkoxy 
group, a represents a number satisfying 
0<a£3, and I represents an integer of 1 or 
greater. 

6. A catalyst system according to Claim 5, 
wherein the organoaluminum compound repre- 
sented by the general formula R 3 a AIM 3 _ a is a 
trialkylaluminum, dialkylaluminum hydride or 
alkylaluminum alkoxide. 

7. A catalyst system according to Claim 5, 
wherein the aluminoxane represented by the 
general formula 



Al(R«)-0-jy 



is tetramethyldialuminoxane, tetraethyl- 
dialuminoxane. tetrabutyldialuminoxane, 
tetrahexyldialuminoxane, methylaluminoxane, 
ethylaluminoxane, butylaluminoxane or hex- 
ylaluminoxane. 

8. A catalyst system according to Claim 4, 
wherein the amount of component (B) is 1 to 
100,000 moles per one mole of titanium atom 
in component (A). 

9. A process for producing an ethylenes -olefin 
copolymer which comprises copolymerizing 
ethylene with an o-olefin by using a catalyst 
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4. Katalysatorsystem zur Polymerisation, umfas- 
send (A) einem flUssigen Katalysatorbestand- 
tei! nach einem der Anspriiche 1 bis 3, und (B) 
eine Organoaluminiumverbindung. 



T5 



system according to any one of claims 4 to 8, 
wherein the catalyst components are supplied 
in a moisture-free state and in an inert gas. 

10. A process for producing an ethylene-a-olefin 
copolymer according to Claim 9, wherein said 
ethylene-arolefin copolymer has a density of 
0.85 to 0.95 (g/cm 3 ). 

Patentanspriiche 

Patentanspriiche fur folgende Vertragsstaaten 
: BE, DE, FR, GB, IT, NL 

1. FlUssiger Katalysatorbestandteil umfassend 
eine Titanverbindung der allgemeinen Formel 

(R^N^^TiX^,, 



wobei R 1 und R 2 jeweils einen gesattigen Koh- 
lenwasserstoffrest mit 8 bis 30 Kohlenstoffato- 
men darstellen, X ein Halogenatom darstellt, Y 
einen Alkoxyrest darstellt, m eine Zahl mit 
1£m£3 bedeutet, n eine Zahl mit 0£n£2 be- 
deutet, und (m + n) eine Zahl mit 1£(m + n)£3 
bedeutet. 25 

2. FlUssiger Katalysatorbestandteil nach Anspruch 

1, wobei der gesattige Kohlenwasserstoffrest 
mit 8 bis 30 Kohlenstoffatom einen aliphati- 
schen, gesattigen Kohlenwasserstoffrest mit 8 30 
bis 30 Kohlenstoffatomen darstellt. 

3. FlUssiger Katalysatorbestandteil nach Anspruch 

2, wobei der aliphatische, gesattige Kohlen- 
wasserstoffrest mit 8 bis 30 Kohlenstoffatomen 35 
einen geradkettigen, aliphatische, gesSttigten 
Kohlenwasserstoffrest mit 8 bis 30 Kohlenstoff- 
atomen darstellt. 



stellen, M ein Wasserstoffatom und/oder einem 
Alkoxyrest darstellt, a eine Zahl mit 0<a£3 
bedeutet, und 1 eine ganze Zahl von 1 Oder 
groBer bedeutet. 

5 

6. Katalysatorsystem nach Anspruch 5, wobei die 
Organoaluminiumverbindung der allgemeinen 
Formel R 3 a AIM 3 - 0 ein Trialkylaluminium, Dial- 
kylaluminiumhydrid oder Alkylaluminiumalkoxid 

10 darstellt. 

7. Katalysatorsystem nach Anspruch 5, wobei das 
Aluminoxan der allgemeinen Formel 
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40 



45 



5. Katalysatorsystem nach Anspruch 4, wobei die 
Organoaluminiumverbindung (B) durch die all- 
gemeine Formel R 3 a AIM 3 _ a wiedergegeben 
wird oder ein kettenahnliches oder cyclisches 
Aluminoxan mit einer Struktur der allgemeinen 
Formel 50 



56 



Al(R«)-0 




ist, wobei R 3 und R* jeweils eine Kohlenwas- 
serstoffrest mit 1 bis 8 Kohlenstoffatomen dar- 



Tetramethyldtaluminoxan, Tetraethyidialumino- 
xan, Tetrabutyldialuminoxan, Tetrahexyldialu- 
minoxan, Methylaluminoxan, Ethylaluminoxan, 
Butylaluminoxan oder Hexylaluminoxan dar- 
stellt. 

8. Katalysatorsystem nach Anspruch 4, wobei die 
Menge des Bestandteils (B) 1 bis 100.000 Mol 
je einem Mol an Titanatomen im Bestaunteil 
(A) betragt. 

9. Verfahren zur Herstellung eines Ethylene-a- 
Olefincopolymers, umfassend Copolymerisie- 
ren des Ethylens mit einem a-Olefin mittels 
eines Katalysatorsy stems nach einem der An- 
sprUche 4 bis 8, wobei die Katalysatorbestand- 
teil in einem feuchtigkeitsfreien Zustand und 
in einem Inertgas bereitgestellt werden. 

10. Verfahren zur Herstellung eines Ethylene-a- 
Olefincopolymers nach Anspruch 9, wobei das 
Ethylen-a-Olefincopolymer eine Dichte von 
0,85 bis 0,95 g/cm 3 besitzt. 

Patentanspriiche fur folgenden Vertragsstaat : 
ES 

1. Verfahren zur Herstellung eines flussigen Kata- 
lysatorbestandteils, umfassend eine Titanver- 
bindung der allgemein Formel 

<RiR*N) 4 _^ +l0 TlX fn Y I1 

wobei R 1 und R 2 jeweils einen gesattigten Koh- 
lenwasserstoffrest mit 8 bis 30 Kohlenstoffato- 
men darstellen, X ein Halogenatom darstellt, Y 
einem Alkoxyrest darstellt, meine Zahl mit 
1Sm£3 bedeutet, n eine Zahl mit 0£n£2 be- 
deutet, und (m + n) eine Zahl mit 1S(m + n)£3 
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bedeutet. umfassend 

(i) Umsetzen etner Verbindung eines sekun- 
dSren Amins der allgemeinen Fonmel 
R 1 R 2 NH wobei R 1 und R 2 jeweils die vorste- 
hende Bedeutung haben, mit 

(ii) einer Alkalimetall-alkylverbindung der all- 
gemeinen Formel R 7 M, wobei R 7 einen 
Kohlenwasserstoffrest mit 1 bis 30 Kohlen- 
stoffatomen darstellt, und M ein Alkalimetall 
bedeutet. urn erne Amidverbindung eines 
Alkalimetalls zu synthetisieren, 

(iii) und dann Umsetzen der Amidverbin- 
dung des Alkalimetalls mit einem Titantetra- 
halogenid der allgemeinen Formel TiX*. wo- 
bei X die vorstehende Bedeutung hat. 

2. Verfahren nach Anspruch 1, wobei der gesa't- 
tigte Kohlenwasserstoffrest mit 8 bis 30 Koh- 
lenstoffatomen einen aliphatischen, gesattigten 
Kohlenwasserstoffrest mit 8 bis 30 Kohlenstoff- 
atomen darstellt. 

3. Verfahren nach Anspruch 2, wobei der aliphati- 
sche, gesattigte Kohlenwasserstoffrest mit 8 
bis 30 Kohlenstoffatomen einen geradkettigen, 
aliphatischen, gesattigten Kohlenwasserstoff- 
rest mit 8 bis 30 Kohlenstoffatomen darstellt 

4. Katalysatorsystem zur Polymerisation, umfas- 
send (A) einen flussigen Katalysatorbestandteil 
nach einem der Anspruche 1 bis 3, und (B) 
eine Organoaluminiumverbindung. 

5. Katalysatorsystem nach Anspruch 4 wobei die 
Organoaluminiumverbindung (B) durch die all- 
gemeine Formel R 3 aAIM 3 _ a wiedergegeben 
wird oder ein kettenahnliches Oder cyclisches 
Aluminoxan mit einer Struktur der allgemeinen 
Formel 



7. Katalysatorsystem riach Anspruch 5, wobei das 
Aluminoxan der allgemeinen Formel 




ist, wobei R 3 und R* jeweils einen Kohlenwas- 
serstoffrest mit 1 bis 8 Kohlenstoffatomen dar- 
stellen, M ein Wasserstoffatom und/oder einen 
Alkoxyrest darstellt. a eine Zahl mit 0<a£3 
bedeutet, und I eine ganze Zahl von 1 oder 
grbBer bedeutet. 

6. Katalysatorsystem nach Anspruch 5, wobei die 
Organoaluminiumverbindung der allgemeinen 
Formel R 3 0 AIM 3 _ 8 ein Trialkylaluminium, Dial- 
kylaluminiumhydrid oder Alkylaluminiumalkoxid 
• darstellt. 



35 



40 



45 



50 



~ Al{R«)-0 



3t 



Tetramethyldialuminoxan, Tetraethyldialumino- 
10 xan, Tetrabutyldialuminoxan, Tetrahexyldialu- 

minoxan, Methylaluminoxan, Ethylaluminoxan, 
Butylaluminoxan oder Hexylaluminoxan dar- 
stellt. 

75 8. Katalysatorsystem nach Anspruch 4, wobei die 
Menge des Bestandteils (B) 1 bis 100.000 Mol 
je einem Mol an Titanatomen im Bestandteil 
(A) betragt. 

20 9. Verfahren zur Herstellung eines Ethylen-a-Olef- 
incopolymers, umfassend Copolymerisieren 
des Ethylens mit einem a-Olefin mittels eines 
Katalysatorsystems nach einem der Anspruche 
4 bis 8, wobei die Katalysatorbestandteile in 

25 einem feuchtigkeitsfreien Zustand und in ei- 

nem Inertgas bereitgestellt werden. 

10. Verfahren zur Herstellung eines Ethylen-«-Olef- 
incopolymers nach Anspruch 9, wobei das Eth- 
30 ylen-a-Olefincopolymer eine Dichte von 0,85 

bis 9,95 g/cm 3 besitzt. 



Revendications 

Revendlcations pour les Etats contractants 
suivants : BE, DE, FR, GB, FT, NL 



1. Composent de catalyseur liquide comprenant 
un compose du titane represente* par la form u- 
le generate 

(Rm 2 N) 4 _, m+n) TiX m Yn 

dans laquelle R 1 et R 2 represented chacun un 
groupe hydrocarbone sature* ayant 8 a 30 ato- 
mes de carbone, X represente un atome d'ha- 
logene, Y represente un groupe alcoxy, m re- 
presente un nombre satisfaisant a I'indgalite 
1Sm£3, n represente un nombre satisfaisant a 
I'inegalite 0£n*2, et (m + n) satisfaisant a I'ine- 
galite 1S(m + n)S3. 



2. Composent de catalyseur liquide selon la re- 
vendication 1, dans lequel le groupe hydrocar- 
bon^ sature ayant 8 a 30 atomes de carbone 
55 est un groupe hydrocarbone" sature aliphatique 

ayant 8 a 30 atomes de carbone. 
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3. Composent de catalyseur liquids selon la re- 
vendication 2, dans lequel le groups hydrocar- 
bone sature aliphatique ayant 8 a 30 atomes 
de carbone est un groupe hydrocarbone sature 
aliphatique a chaTne lineaire ayant 8 a 30 5 
atomes de carbone. 

4. Systeme catalytique pour la polymerisation 
comprenant 

(A) un composent de catalyseur liquide se- io 
Ion Tune quelconque des revendications 1 a 

3, et, 

(B) un compose organoaluminique. 

5. Systeme catalytique selon la revendication 4, is 
dans lequel le compose" organoaluminique (B) 

est un compose organoaluminique represents 
par la formule g6ne>ale R 3 a AIM 3 - a , ou un alu- 
minoxane en forme de chaTne ou cyclique 
ayant une structure representee par la formule 20 
generals 



9. Precede de preparation d*un copolymers ethy- 
1ene/a-ol6fine qui comprend la copolymerisa- 
tion d'ethylene avec une a-oiefine en utilisant 
un systeme catalytique selon Tune quelconque 
des revendications 4 a 8, dans lequel les com- 
posants de catalyssur sont introduits a. I'etat 
exempt d'humidite et dans un gaz inerte. 

10. Procede de preparation d'un copolymere ethy- 
lene/a-olefine selon la revendication 9, dans 
lequsl Isdit copolymere ethylene/o-olefine a 
uns dsnsite de 0,85 a 0,95 (g/cm 3 ). 

Revendications pour I'Etat contractant suivant 
:ES 

1. Procede de preparation d'un composant de 
catalyseur liquide comprenant un compose" du 
titane represente par la formule generals 

(R 1 R 2 N) 4 _ (m+n) TiX m Y n 



7. 



8. 



dans laquelle R 3 et R* represented chacun un 
groups hydrocarbone ayant 1 a 8 atomes de 
carbone, M represente un atome d'hydrogene 
et/ou un groupe alcoxy, a represente un nom- 
bre satisfaisant a I'ln^galite 0<a£3, et 1 repre- 
sents un nombre sntier superisur ou egal a 1 . 

Systeme catalytique selon la revsndication 5, 
dans Isquel Is compose organoaluminiquo re- 
presente par la formule generale R 3 a AIM 3 - a est 
un trialkylaluminium, un hydrure de dialkylalu- 
minium ou un alcoolate d'alkylaluminium. 

Systeme catalytiqus sslon la rovsndication 5, 
dans lequel Taluminoxans represents par la 
formule g6ne>ale 



est le tetramethyldialuminoxane, le tetraethyl- 
dialuminoxane, le tetrabutyldialuminoxane, le 
tetrahexyldialuminoxane, le methylaluminoxa- 
ns ( rethylaluminoxane, le butylaluminoxane ou 
I'hexylaluminoxane. 

Systeme catalytique selon la revendication 4, 
dans lequel la quantite de composant (B) est 
de 1 a 100 000 moles pour une mole d'atomes 
de titane dans le composant (A). 



dans laquelle R 1 et R 2 representent chacun un 
groupe hydrocarbone" sature ayant 8 a 30 ato- 

25 mes de carbone, X represente un atome d'ha- 

logene, Y represente un groupe alcoxy, m re- 
presente un nombre satisfaisant a Pinegalite 
1£m£3, n represente un nombre satisfaisant a 
I'inegalite 0£nS2, et (m + n) satisfaisant a I'ine- 

30 galite 1£(m + n)£3 

qui comprend 

(i) la reaction d'une amine secondaire repre- 
sentee par la formule generale R 1 R 2 NH, 
dans laquelle R 1 et R 2 ont chacun la signifi- 

35 cation precitee, avec 

(ii) un compose alkylique de metal alcalin 
represente par la formule generale R 7 M, 
dans laquelle R 7 represente un groupe hy- 
drocarbone ayant 1 & 30 atomes de carbo- 

40 ne et M represente un metal alcalin, pour 

synthetiser un amidure d'un metal alcalin, 

(iii) puis la reaction de I'amidure du metal 
alcalin avec un tetrahalogenure de titane 
rspresente par la formule generale TiX*. 

45 dans laquelle X a la signification precitee. 

2. Procede selon la revendication 1, dans lequel 
le groupe hydrocarbone sature ayant 8 a 30 
atomes de carbone est un groupe hydrocarbo- 

50 ne sature aliphatique ayant 8 a 30 atomes de 

carbone. 

3. Procede selon la revendication 2, dans lequel 
le groupe hydrocarbone sature aliphatique 

55 ayant 8 a 30 atomes de carbons est un groups 

hydrocarbone sature aliphatiqus a chaTne li- 
neaire ayant 8 a 30 atomes de carbone. 
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4. Systeme catalytique pour la polymerisation 
comprenant (A) un composant de catalyseur 
liquide selon Tune quelconque des revendica- 
tions 1 a 3, et, (B) un compose* organoalumini- 
que. 

5. Systeme catalytique selon la revendication 4, 
dans lequel le compose organoaluminique (B) 
est un compose organoaluminique represente 
par la formula generate R 3 a AIM 3 _ a , ou un alu- 
minoxane en forme de chatne ou cyclique 
ayant une structure representee par la formula 
generate 

dans laquelle R 3 et R* represented chacun un 
groupe hydrocarbon^ ayant 1 a 8 atomes de 
carbone, M represente un atome d'hydrogene 
et/ou un groupe alcoxy, a represente un nom- 
bre satisfaisant a I'inegalite 0<a33, et 1 repre- 
sente un nombre entier supeneur ou egal a 1 . 

6. Systeme catalytique selon ia revendication 5, 
dans lequel le compose organoaluminique re- 
presente par la formula generate R 3 a AIM 3 _ a est 
un trialkylaluminium, un hydrure de dialkylalu- 
minium ou un alcoolate d'alkylaluminium. 

7. Systeme catalytique selon la revendication 5, 
dans lequel I'aluminoxane represente par la 
formule generate 

est le t&ramethyldialuminoxane, le tetraethyl- 
dialuminoxane, le t^trabutyldialuminoxane, le 
tetrahexyldialuminoxane, le methylaluminoxa- 
ne, I'ethylaluminoxane, le butylaluminoxane ou 
I'hexylaluminoxane. 

8. Systeme catalytique selon la revendication 4, 
dans lequel la quantite de composant (B) est 
de 1 a 100 000 moles pour une mole d'atomes 
de titane dans le composant (A). 

9. Procede de preparation d'un copolymere elhy- 
lene/a-olefine qui comprend la copolymerisa- 
tion d'^thylene avec une a-ol6fine en utilisant 
un systeme catalytique selon Tune quelconque 
des revendications 4 a 8, dans lequel les com- 
posants de catalyseur sont introduits a P6tat 
exempt d'humidite et dans un ga2 inerte. 



10. Proc6d6 de preparation d'un copolymere ethy- 
lene/cr-ol6fine selon la revendication 9, dans 
lequel ledit copolymere ethylene/a-olefine a 
une densite de 0,85 a 0,95 (g/cm 3 ). 
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